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Physics 132 Final Exam Winter 2006 

Name    
Time allowed: 125 minutes.  You may use two sheets of notes (8-1/2 x 11, both sides) and a calculator.  No brimmed 
hats; no communication devices.  Work the problems on separate sheets of paper and staple this sheet to the front. 
Read each problem carefully and be sure to pay attention to any hints that are provided. There is no need to be “wordy” like I 
ask you to be on homework, but you must show enough work or give enough of an explanation to show me that you 
understand what you are doing. I give no credit for unsupported answers.  Partially correct solutions will get partial credit, if 
I can figure out what you are doing, so use plenty of space and try your best to be reasonably neat and clear.  All numerical 
answers must be given with an appropriate number of significant digits and appropriate, simplified units.  Check your 
answers for physical reasonableness; I deduct a small number of points for ridiculous answers that go uncommented upon. 

1. The pipe organ at the Atlantic City Convention Hall features a 64' 9" long pipe called the “Diaphone Profunda” that 
operates as an open pipe producing a pitch that is supposed to be four octaves below “middle C.” 

a) [15] Assuming that the speed of sound is 340 m/s, what is the fundamental frequency of an open pipe of that length? 
[There are 12" in 1' and there are 2.54 cm in 1".] 

b) [5] “Middle C” corresponds to a frequency of 261.6 Hz and dividing any frequency by two produces a pitch one 
octave lower.  Thus, how does the frequency you calculated in part a compare with the advertised frequency of the 
“Diaphone Profunda”? 

2. It takes a satellite 2.0 hours to complete one “low altitude orbit” about a certain planet.  

a) [15] What is the density of that planet? 

[How to solve this problem:  (!!)  (1) Understand that the radius of a “low altitude orbit” is essentially the same 
as the radius of the planet itself.  (2) Draw a good picture.  (3) Write down Newton’s second law for the orbiting 
satellite.  (4) Express the mass of the planet in terms of its density and its radius.  (5) Express the satellite’s 
acceleration in terms of its speed and orbital radius.  (6) Express its speed in terms of its orbital radius and 

period.  (7) NOTICE that the radius drops out!  (8) Solve for the density!  Recall that G = 6.67 !10"11 m3

kg # s2
] 

b) [5] Why is it that a low altitude orbit about any rocky planet or moon (e.g., Mercury, Venus, Earth, Mars, the moon, 
etc.)—no matter what its size—takes about an hour and a half to two hours? 

3.  A diatomic ideal gas is taken around the cycle shown at right where pA = 100 kPa , 

V
A
= 1.00 liter = 1.00 !10

3
 cm

3( ) , Step 1 is an isothermal expansion to a volume 

V
B
= 4.00 liters .  Step 2 is isovolumetric.  Step 3 is an adiabatic compression back to 

the original state.  Our only goal is to find the efficiency of a heat engine based on 
this cyclic process, but I will lead you through the calculation. 

a) [5] Calculate the work done on the gas in step 1. 

b) [2] Use the first law of thermodynamics to find the heat to the gas in step 1. 

c) [3] Since you know pA , VA ,  and VC , use the adiabatic law to find the pressure, 
pC , of the gas in state C. 

d) [3] Calculate the heat to the gas in step 2.  (Remember:  It’s a diatomic gas.  And note: Your answer will be 
negative!) 

e) [2] What is the heat to the gas in step 3?  Explain in a very few words! 

f) [2] Now you know the total heat to the gas during the cycle.  Use the first law to calculate the total work done by the 
gas (not on the gas, but by the gas) during the cycle. 

g) [3] Determine the efficiency of the cycle by dividing the total work done by the heat input to the gas.  [Hint: Heat is 
input to the gas in only one of the three steps.]  
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4. A 50 cm diameter beach ball is filled with air (an “ideal gas” for our purposes) at the local atmospheric pressure of 
100 kPa and the local temperature of 25 °C .  It has a total mass (including the air inside) of 200 g.  It is now taken to a 
depth of 20 m below the surface of a lake where the temperature is 10 °C . 

a) [7] Assuming that it is still spherical, what is its new diameter?  [Recall that the density of water is 1.00 g/cm3.] 

b) [3] Explain why the buoyant force on the ball decreases as the ball is taken to greater depths. 

c) [8] Assuming that the temperature remains 10 °C  at greater depths, at what depth would the ball be “neutrally 
buoyant” (meaning that the net force on it is zero.) 

d) [2] What happens if you take the ball a bit lower than the depth found in part c and then release it? 

5. In this problem I want you to estimate the amount of time a simple cooler will keep food cold. 

a) [3] Estimate the total wall area of the cooler at the front of the class.  (Just make sure your answer is reasonable.) 

b) [2] Estimate the thickness of its walls.  (Again, reasonable …)  

c) [2] Estimate the temperature in the room.  (Again …) 

d) [8] Now suppose we put a 2.0 kg block of ice at 0 °C  in the cooler and close it up.  Assuming that the thermal 

conductivity of the cooler material is the same as that of styrofoam ( k = 0.08 
W

m ! °C
 ), at what rate will heat 

conduct through the walls of the cooler? 

e) [5] Thus, how long will it take for all of the ice to melt?   
[Some data you may or may not need: Lfusion = 80 cal/g, cice = 0.50 cal/g ! °C,  cwater = 1.00 cal/g ! °C, 1 cal = 4.184 J ] 


